Abstract: Recently, the topological physics in acoustics has been attracting much attention. However, all the studies are aimed to elastic or airborne sound systems.
The discovery of the quantum Hall effect 1, 2 opens the door to the field of peculiar topological phases of matter. [3] [4] [5] [6] Recently, intense efforts have been devoted to realizing two-dimensional (2D) acoustic analogues of topological insulators and the associated edge modes protected by symmetry. On the one hand, the macroscopic controllability enables the acoustic structures to be exceptional platforms to explore the intriguing topological properties that are challenging in original atomic systems.
On the other hand, the topological edge states are particularly attractive to overcome some disorder-related restrictions in conventional acoustic technologies.
Different approaches have been proposed to design 2D acoustic topological insulators. The first approach mimics integer quantum Hall insulators with broken time-reversal symmetry. To break the time-reversal symmetry, gyroscopic structures 7, 8 and circulating fluid flows [9] [10] [11] [12] have been introduced to the mechanical and acoustic systems, respectively. However, practical experiments are challenging for such methods. Without breaking time-reversal symmetry, the second approach imitates quantum spin Hall insulators through constructing acoustic pseudospins. Despite the fact that different strategies have been used to construct pseudospins, 13-17 this approach often suffers complex structures or narrow operation bandwidth. Recently, the valley pseudospins proposed originally in solids, [18] [19] [20] [21] [22] which are degenerate freqency extremum states in momentum space, 23, 24 have been considered to design acoustic topological insulators without breaking time-reversal symmetry. [25] [26] [27] [28] [29] [30] [31] [32] [33] Interestingly, the acoustic valley Hall (AVH) insulators are easy to fabricate and the operation bandwidth can be tailored by simply rotating the anisotropic scatterers. 25, 27, 28 To the best of our knowledge, so far the investigations on acoustic topological insulators have been focusing on the artificial structures working for elastic waves 7, 8, 13, 14, [29] [30] [31] [32] [33] and airborne sound. [9] [10] [11] [12] [15] [16] [17] [25] [26] [27] [28] Water is another important sound carrier and the waterborne acoustics plays a momentous role in underwater communications, positioning, and telemetry. Therefore, it is of great interest to realize waterborne acoustic topological insulators. By exploiting the unique merits of the 3 / 12 AVH insulators, here we report an experimental realization of the topological sound transport in water background. As illustrated in Fig. 1(a In summary, we have presented an experimental study of the valley-projected edge states for waterborne sound. The easy sample fabrication and the wide operation bandwidth are particularly useful in real applications. In additional to the angularly selective excitation of the edge modes, we have designed an intriguing sound splitter based on a four-port topological junction. Promising applications can be anticipated for such exceptional sound waveguides working in underwater environment.
